Materials Science. Since 2011, its rank has jumped up from 42nd to 13th. In pursuing world top 10 universities rankings for materials science and engineering, nanotechnology and nanoscience have been core research activities of MSE at KAIST and will remain so for the coming years. With strong government support via a grant named "R&E Initiative for Emerging Materials-Based Creative Convergence", MSE has made strong efforts in the four major thrust areas: "ICT− Display Material/Device", "Sustainable Energy System", "Flexible Material/Device System", and "Materials/Device for Ubiquitous-Healthcare". It cannot be overemphasized that nanotechnology and nanoscience are essential in advancing these thrusts.
In order to promote interdisciplinary research excellence, KAIST established KAIST Institute (KI) in 2006, which develops new growth engines, leads the fourth Industrial Revolution, and contributes to the future of mankind. The KI currently consists of KI for BioCentury, KI for IT Convergence, KI for Robotics, KI for NanoCentury, KI for Health Science and Technology, and KI for Artificial Intelligence. Among those, KI for the NanoCentury (KINC) set the vision of becoming a world-leading university hub of nano convergence research and covering the research topics of climate change, healthcare, and advanced optoelectronics.
KAIST also has an affiliated institute that provides nanotechnology-related research equipment and fabrication services, trains students, and supports the commercialization of nanotechnology research results, the National NanoFab Center (NNFC). Since its inception in 2004, NNFC has developed 10 nm nanotransfer printing technology and simultaneous positron emission tomography-magnetic resonance (PET-MR) imaging systems. It has transferred several nanotechnologies to industry, including 180 nm silicon-on-insulator radio frequency (SOI RF) mass-production technology. In addition, the KAIST Analysis Center for Research Advancement (KARA), established in 1991, is a shared facility provider that manages cutting-edge analytical instruments and actively supports KAIST members' nano research.
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Under "Vision 2031", KAIST continues to make the world better through the pursuit of excellence in education, research, entrepreneurship, and globalization.
As mentioned above, KAIST has actively contributed to ACS Nano in nanoscience and nanotechnology. From 2011 to 2018, KAIST authors have published 126 articles in ACS Nano. Major publications have been contributed by MSE (46 articles), CBE (23 articles), and EE (17 articles) ( Figure 2a ). KAIST's recent important work has been featured on several front covers of ACS Nano. They include studies on the development of next-generation nanosensors and energy storage systems. Prof. Il-Doo Kim's group developed ultrafast Pd-based hydrogen (H 2 ) sensors by using the nanofiltration effect of Zn-based zeolite imidazole framework (ZIF-8) ( Figure 2b ), 1 in a collaboration with Prof. Reginald M. Penner's group at the University of California, Irvine (UCI). The ZIF-8 layer, which has selective permeability to H 2 , overcoated on lithographically patterned Pd nanowires accelerates H 2 response and recovery by a factor of 20 at room temperature in air. In addition, Prof. Hee-Tae Jung's group, in collaboration with Prof. Yury Gogotsi's group (Drexel University), reported an ultrasensitive gas sensor using surface-functionalized two-dimensional (2D) metal carbides (MXenes) (Figure 2c ). 2 Conductive 2D Ti 3 C 2 T xbased sensors with surface functional groups showed a high signal-to-noise ratio, enabling a low limit of detection of 50− 100 ppb for volatile organic compounds at room temperature. The group of Prof. Il-Doo Kim also developed carbon nanofibers functionalized with Co 4 N nanorods as a cathode material for lithium−oxygen (Li−O 2 ) batteries ( Figure 2d ). 3 Co 4 N nanorods that directly form on highly conducting carbon nanofiber webs facilitate reversible formation and decomposition of Li 2 O 2 , improving the cyclic capability (over 177 cycles) of the Li−O 2 cell with high capacity (11.9 mAh/cm 2 ). Prof. Steve Park's group reported a stretchable pressure insensitive strain (SPIS) sensor based on a porous multiwalled carbon nanotube (MWCNT)−polydimethylsiloxane (PDMS) composite via all solution-based processes (Figure 2e ). 4 The SPIS sensor can be coated straightforwardly onto various object shapes, eventually to be used to generate electronic skin on robotics or prosthetic devices to enable tactile sensing capabilities.
Research groups in MSE at KAIST have explored nanoscience and nanotechnology from materials to applications. For instance, Prof. Il-Doo Kim's group has explored various organic/inorganic one-dimensional (1D) nanofibers for applications in gas sensors and energy-storage devices. Mesoporous WO 3 nanofibers functionalized with ultrasmall catalysts are able to measure trace biomarkers in exhaled breath, 5 and polyaniline-coated carbon nanofibers realize highpower aqueous Zn ion batteries with customized geometric via three-dimensional (3D) printing techniques, in collaboration with Prof. Jennifer A. Lewis's group at Harvard University. 6 Prof. Yeon Sik Jung's group developed ultrafast large-scale nanopatterning methods by using block copolymers 7 and solvent-assisted area-selective delamination. 8 Prof. Sang Ouk Kim's group reported aqueous/organic interface-confined polymerization methods that enable the growth of crystalline semiconducting polymer shells at graphene fibers. 9 They demonstrated these methods' feasibility for use in preparing wearable supercapacitors, showing promise for portable and wearable electronics. Prof. Seokwoo Jeon's group developed a variety of nanostructures, such as 3D continuous ceramic nanofillers 10 and 1D−2D hybrid carbon nanocomposites. 11 Prof. Seungbum Hong's group discovered X-ray irradiationinduced reversible changes in oxide heterostructures. 12 Research groups in CBE at KAIST have also published interesting papers in nanoscience and nanotechnology. Prof. Shin-Hyun Kim's group developed mechanochromic soft materials including a non-close-packed array of silica particles inspired by the iridophore structure. 13 This technology can easily be extended into fibers and various 3D architectures. Prof. Ki-Hun Jeong's group reported plasmonic surfaceenhanced Raman scattering (SERS) Schirmer strips by using Au nanoisland-functionalized cellulose fiber matrices. 14 These devices can be used for noninvasive diagnoses of disease from human tears. Prof. Hee-Tak Kim's group reported structural shaping based on vertical directional movement of azo materials derived from directional photofluidization. 15 These structures have a range of ordered patterns from the micro-to the sub-100 nm scales with large areas (e.g., cm 2 scale).
Research groups in EE at KAIST have discovered important nanoscience and nanotechnology for various applications such as flexible devices, designs of electronic circuits, nano-patterning, and nanotransfer techniques. Prof. Jun-Bo Yoon's research group reported a material-independent nanotransfer method for fabricating ultralong and aligned metal nanowires (NWs) on a flexible substrate. Due to the strong mechanical properties of aligned metal NWs, they can be used as heaters for flexible chemical sensors. 16 Prof. Byung Jin Cho's research group reported hybrid integration of graphene-based analog circuits with silicon-based digital circuits for promising nextgeneration circuit technologies. 17 Prof. Yang-Kyu Choi's group developed a free-standing triboelectric energy generator having high stability against mechanical friction and humidity by using polytetrafluoroethylene polymers. 18 Following the first KAIST International MSE workshop in 2016, 19 the second KAIST International MSE/CBE workshop 2018 was held on August 7, 2018 on the theme "Big Ideas in Emerging Materials" and included 10 keynote lectures by world-leading scientists (Figure 3 ). The goals of the KAIST international workshops were to identify key issues related to big ideas in materials science, applied physics, chemistry, and bioengineering and to share the latest breakthroughs and big achievements. Even in the 2 year period between meetings, the progress at KAIST was striking, as was the engagement of the students, postdoctoral fellows, and junior faculty.
KAIST is playing important roles in advancing science and technology for the Republic of Korea and the world. KAIST will continue to lead progress in future science and technologies, especially in nanoscience and nanotechnology. 
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